Objectives: To estimate the impact of a sensory-motor-cognitive task on postural balance, in Parkinson disease patients (Hoehn and Yahr 2-3) and to investigate possible relationships between posturography and functional balance clinical scales. Method: Parkinson disease patients (n = 40) and healthy controls (n = 27) were evaluated with fluency tests, Berg Balance scale, Mini Best test and static posturography on the conditions eyes open, eyes closed and dual-task (simultaneous balance and fluency tasks). Results: Posturographic data showed that Parkinson disease patients performed worse than controls in all evaluations. In general, balance on dual-task was significantly poorer than balance with eyes closed. Posturographic data were weakly correlated to clinical balance scales. Conclusion: In clinical practice, Parkinson disease patients are commonly assessed with eyes closed, to sensitize balance. Our study showed that adding a cognitive task is even more effective. Static posturographic data should be carefully overgeneralized to infer functional balance impairments. 
Parkinson disease (PD) is a progressive degenerative disorder of the central nervous system, and affects 1.5 to 2.0% of the elder population (above 60 years of age) 1 . It is typically characterized by tremors, muscle rigidity, bradykinesia, diskinesia and loss of adaptive responses as muscle strength and aerobic capacity 1, 2 . One of the most important disabilities that appear on the course of the disease is the postural instability, which is also one of the main challenges in PD rehabilitation 3, 4 . Recent studies have shown that non-motor disorders are also present in these patients 1, 5 , e.g. humor, sleep, executive function, social behavior disorders 6 . The mechanisms associated with postural instability are still not fully understood. Studies suggest that the dysfunctioning of the pedunculopontine nucleus, leads to the loss of anticipatory and compensatory postural responses automation, and disrupts sensory-motor integration (visual, proprioceptive and vestibular information processing and motor response selection) 3, 7, 8, 9 . Postural control deficits enhance trunk and knees flexion and increase the need for attentional control over posture 4 . Postural instability is a major cause of disability in these patients, exposing them to increased fall risk, insecurity and restrictions on movement and daily life activities 10 . Similarly, cognitive deficits, specifically in executive functions, can significantly affect functional independence and compromise security. Executive function is a broad concept that includes the ability to monitor and process internal and external information, attend to multiple tasks concurrently, set and achieve goals, solve problems, and regulate environmental demands. As PD progresses, the executive function and postural control deteriorate and the degree of cognitivemotor dependency increases 11, 12 . Diverse tools as Timed up and Go test (TUG), Berg Balance Scale (BBS), Six-Minute Walk Test, Dynamic Gait Index and, more recently, MiniBest test (MBT) 11 evaluate postural control in PD patients. Beyond these clinical assessments, the gold-standard evaluation of postural control is the computerized posturography. This kinetic evaluation measures the center of pressure oscillation in order to assess the efficiency of postural control adjustments 13 . Although many authors have used this tool to evaluate the postural instability of patients with PD, the results are still inconclusive 14 . Furthermore, variations in the adopted methods and variables make it difficult to compare studies. Ickenstein et al.
7 studied a methodology that could differentiate patients with PD from healthy controls. The chosen task was an adapted version of Romberg test in two conditions, eyes open and eyes closed, evaluated by variables drawn from the oscillation trajectory. This method was able to differentiate the two groups, especially in visual deprivation.
Johnson et al. 14 aimed to differentiate PD patients with falls history from more stable patients and healthy controls using a combination of clinical tests and static posturography. Area oscillation measurement differentiated healthy controls from PD patients with falls history. The study also found positive correlations between BBS, TUG and oscillation area. The reaction time was an important variable to distinguish the three groups; this variable was related to cognitive processing. Cognitive tasks, when associated with motor tasks, cause major disturbance in PD patients. Such negative cognitive-motor interaction is documented in balance and gait in PD patients 15, 16, 17, 18 . Many studies have found the effect of sensory disturbance in static balance, but few evaluated the cognitive task addition effect. Marchese et al.
3 evaluated the static posturography in patients with PD and age matched controls in static posturography conditions, associated with a simple motor task, and a cognitive task, with and without visual deprivation. They found greater disturbance on balance during the association of the cognitive task and no effect regardless of visual condition.
Despite the different methodologies employed, the latest results point to the worsening of postural control in conditions of sensory disturbance, and in association with cognitive tasks, poorly described for static postural control. However, studies fail to clarify whether the static posturography would be an effective tool for clinical assessment and whether it could be related to clinical balance assessment.
The aim of this study was to investigate whether the association of a cognitive task would affect postural control in patients with PD in the same way that visual deprivation. The secondary objective was to investigate a possible relationship between the static posturography data and clinical balance scales.
meTHoD subjects
This study was approved by the Ethics committee on research at the University of São Paulo Clinics Hospital in accordance with the Declaration of the World Medical Association. All participants read and signed a written informed consent approved by this committee. Fifty-nine healthy elderlies from a senior center of the University of São Paulo Clinics Hospital were invited to participate in the control group. Thirty-five volunteered and twenty-seven met the inclusion criteria, gave informed consent and underwent sensory-cognitivemotor assessment protocol.
For both control and experimental groups, only people aged between 60 and 79 years, with 5 or more years of formal education and with a minimal Mini-mental score of 24 19 , according to the cut-off determined by the Brazilian version of the test, were included. Subjects with acute or terminal illnesses, myocardial infarction in the last six months, moderate or severe chronic obstructive pulmonary disease, uncontrolled hypertension, uncontrolled metabolic disease, acute orthopedic injuries, and other neurological and/or muscular disease were excluded from the study.
Seventy-eight outpatients with idiopathic PD, from the Movement Disorders Clinic of the University of São Paulo Clinics Hospital were invited to participate in the experimental group. Fifty-two volunteered and forty met our inclusion criteria and gave informed consent. Additional inclusion criteria for PD patients comprehended having received the diagnosis of PD according to the clinical criteria of the United Kingdom Parkinson Disease Society Brain Bank 20 ; Hoehn and Yahr 21 (H&Y) score between 2 and 3; being on antiparkinsonian drug treatment at a stable and optimized daily dosage during the last 4 weeks prior to study entry.
Procedures
Participants were assessed individually, on one session. After receiving detailed explanation about the study, they signed the informed consent. Both groups were assessed with the Mini-Mental State Examination (MMSE), fluency tests (animals: saying animals names and phonemic: saying words beginning with letter F), BBS, MBT and static posturography. Patients with PD were on their best "on" state.
cognitive assessment
All participants underwent cognitive assessment comfortably seated on a chair placed in front of a table. The MMSE screened for severe cognitive impairment and only subjects scoring above 24 points were included 19 . In the fluency test, subjects were instructed to say as many as animals as they could remember in one minute, without repetition or gender changing. Each word was scored with one point and repeated words were not scored, this test has been found to be a predictor of latter development of dementia
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.
motor assessment
The BBS is a widely-used measure of balance and has been validated for PD patients. It consists of a 14-item scale, scored from zero to four (best), assessing abilities involving sitting, standing and positional changes 23 . The MBT is a more recent tool developed to assess balance. It involves four domains: anticipatory, sensory, gait and reactive and totalizes 14 items, scored from 0 to 2 (best performance). It has a high correlation with BBS, but the combination BBS-MBT reduces the ceiling effect of higher scored patients 24 .
sensory-cognitive-motor assessment
Participants stood barefoot on a 0.5 X 0.5 m platform (AMTI Accusway Plus; Advanced Mechanical Technology, Inc., Watertown, Massachusetts, USA) with their arms alongside the body and their feet 5 cm apart. Feet positions were marked and kept the same in all trials. The frequency of acquisition was set up at 100 Hz.
Data were collected in three trials of 60 seconds, under three conditions: (i) keeping balance with eyes open (EO); (ii) keeping balance with eyes closed (EC); (iii) dual-task (DT): keeping balance with eyes open and performing three fluency tasks: saying as many words as possible starting with letter F (trial 1), saying words starting with letter P (trial 2) and naming fruits (trial 3). Each trial lasted for one minute.
Descriptive measures of the center of pressure (COP) displacement oscillation were collected by posturography: the mean velocity of the COP oscillation (Vavg), the elliptical area covering 95% of the COP projection points (area) and the standard deviations of the COP oscillation on both axes, mediolateral (SD-ML) and anteroposterior (SD-AP).
Rocchi et al. 13 analysed fourteen variables related to the COP and concluded that standard deviation and mean velocity, provided insights about the postural control mechanisms and described changes in postural strategies. The area was chosen for being widely used in other posturography studies.
statistical analysis
Data with normal distribution were expressed as means±standard deviations (SD). The level of significance was set at alfa < 0.05. Student tests t were used to compare the groups in terms of age, height, weight and number of years of formal education. Qui-square tests investigated sex distribution differences.
Analyses of Variance (ANOVAs) were performed to compare both groups and the three evaluation conditions on the posturography (eyes open, eyes closed, dual-task) as dependent variables. When a significantly interaction was found, Tukey post hoc tests were performed to complement the analysis. Additionally, Spearman correlation tests compared the performance on the balance clinical scales with the results of the posturographic evaluation. Table 1 shows demographic data and test scores for patients with PD and healthy controls. No significant differences were found in age, education, gender, height, weight and cognitive screening.
resuLTs clinical Data

cognitive assessment
The fluency test naming animals found significant difference between groups (p= 0.001). PD patients said significantly fewer words than the control group.
motor assessment
Both clinical assessment tests, BBS and MBT, were sensitive in discriminating the PD group from control group, with poorer performances of PD patients (p = 0.007 and p < 0.001, respectively). 
sensory-cognitive-motor assessment
Mean velocity: ANOVA showed that the mean velocity of the COP oscillation (Vavg) was significantly different between groups (p = 0.020) and conditions (p < 0.001), but no interaction groups vs. conditions was found (p = 0.894) (Figure 1 ). For both groups, the velocity of body sway and the data confidence interval (data variability) gradually increased from eyes open to eyes closed conditions and from eyes closed to dual-task.
Elliptical area: The elliptical area covering 95% of the COP projection points and the standard deviation of the COP oscillation on mediolateral axis showed similar variations on the three conditions. Significant differences were observed between groups (p = 0.010) and conditions (p < 0.001), but no interaction groups vs. conditions (p = 0.771) (Figure 2 ). Both groups had greater postural sway on the dual-task condition, comparing it to the conditions eyes open and eyes closed.
The addition of the cognitive task had more impact on postural control than the visual deprivation for both groups. A higher variability in performance (a higher confidence interval) was observed on dual-task conditions.
Standard deviation of the COP oscillation on mediolateral axis:
The standard deviation of the COP oscillation on mediolateral axis (SD-ML) also showed a significant difference between groups (p = 0.001) and conditions (p < 0.001), but no interaction groups vs. conditions (p = 0.834) (Figure 3) . Both groups had greater postural sway on the dual-task condition, comparing it to the conditions eyes open and eyes closed. The addition of the cognitive task had more impact on postural control than the visual deprivation for both groups. A higher variability in performance (a higher confidence interval) was observed on dual-task conditions.
Standard deviation of the COP oscillation on anteroposterior axis:
The standard deviation of the COP oscillation on anteroposterior axis (AP-SD) showed a significant difference between groups (p = 0.007), conditions (p < 0.001), and also a significant interaction groups vs. conditions (p = 0.027). PD patients showed a higher SD-AP during the whole assessment, while controls gradually increased their SD-AP on the conditions eyes closed (p = 0.0005) and dual-task (p < 0.0001) (Figure 4) .
relationship between clinical tests and posturography
Spearman correlation tests were performed with the the PD group data. Possible relationships between the posturographic variables, the BBS and the MBT were investigated. The results are displayed in Table 2 . For the control group, a weak correlation between SD-ML and MBT was found. Also, a moderate correlation between Vavg and BBS, in eyes open condition was found. For PD group there was only a weak correlation between SD-ML and BBS in eyes open condition (Table 2) .
EO: eyes open, EC: eyes closed, DT: dual-task. 
DIscussIoN
The present study investigated whether the association of a cognitive task would affect postural control in patients with PD in the same way that visual deprivation. Distinct modifications of posturographic data on the conditions eyes open, eyes closed and dual-task were found. Some differences between the experimental PD group and the control group were also observed.
It is well known that physiological aging impairs the processing of visual, vestibular and somatosensory information, which may also affect the postural control 25 . Healthy older people tend to rely more on visual information than on somatosensory information and, in cases of sensory conflict, they can present difficulty using vestibular information for postural control
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. In the present study, PD patients presented a similar behavior as showed by Lee et al. were associated with deficits in sensory processing and/or in the central integration of sensory information. Beyond this natural aging process, other factors may contribute to balance disruption facing sensory disturbance, in this population. Loss of automation in performing postural changes can increase the dependence on visual information 26 . Studies of Ickenstein et al 7 . and Rossi et al 27 . pointed to the increase of visual dependence, as a compensation mechanism, and explained that the overload of the visual system can affect postural control, as detected by posturography.
Changes on postural control due to sensory disturbance have been well described, such as changes on gait parameters in dual-task conditions, for both healthy elderly and PD patients 16, 17 . However, our results add interesting data, because they showed that the competition with a concurrent cognitive activity disrupted posturographic measures in a different manner than visual deprivation.
For both groups, the elliptical area and the SD-ML did not change significantly on eyes closed condition, compared to eyes open condition, but they increased on dual-task, compared to eyes closed. For the dual-task condition Marchese et al. 3 showed that the elliptical area was different in PD patients. The amount of compensatory stabilizing movements in both planes, needed by PD patients to maintain balance was higher. However, Brown et al. 28 showed that, despite PD patients present deficit reorganizing the oscillation area after visual deprivation, this condition tends to stabilize after a period of time, which probably occurred in our sample with both variables (SD-ML and elliptical area).
The velocity of body sway increased with eyes closed, compared to the eyes open condition and on dual-task, compared to eyes closed. No other studies investigating the velocity of body sway with eyes open, closed and dual-task were found. However, Rocchi et al. 13 reported a correlation between the velocity and the items related to tremor from the Unified Parkinson Disease Rating Scale. Therefore, it was expected that the PD group would show greater speed oscillation in all conditions, increasing according to the difficulty of the task, as well as the control group.
The groups showed distinct reactions on anteroposterior sway assessment. PD patients showed higher anteroposterior sway on all conditions, while controls showed gradual anteroposterior sway increase with eyes closed, compared to eyes open and on dual-task, compared to eyes closed. In the literature, no results like these were found, but we hypothesized that this finding might be attributed to a ceiling effect. On the sample of the present study, patients had higher variation in postural oscillation, which refers to the level of stability. Therefore, PD patients were less able than the control group to adapt to all conditions. This variable may be useful distinguishing PD and control groups, but not to evaluate the effects of a disturbance in postural control for PD patients.
Our results corroborate with the ones from Marchese et al.
3
, who noticed the worsening on postural sway (area, path lengthand mean velocity), during a cognitive task. In their study, they describe that the PD group and the control group were even more different when the PD group was divided considering the falls history. They pointed as possible causes for their findings the reduction of atentional capacity, a longer established balance deficit and the great resources competition for planning and production of the appropriate motor response. Considering these results, it is possible to conclude that static posturography alterations on dual-task conditions can show a major problem for the central processing and motor planning, thus detecting the PD patients with a higher risk of falling.
It was also investigated possible relationships between static posturography data and clinical functional balance assessment.
For healthy elderlies, in eyes closed condition, a weak correlation between SD-ML and MBT and a moderate correlation between Vavg and BBS were observed. For PD group, there was only a weak correlation in eyes open condition between SD-ML and BBS. As there were few correlations between posturographic variables and clinical scales and such relationships have not been fully investigated, it is recommended that the interpretation of posturographic data for clinical practice should avoid overgeneralization.
The application of the two scales showed great differences between the two groups, with a significant worsening of balance in the PD group. This was due to the fact that both scales evaluated more dynamic conditions, such as transferring and keeping a decreased base of balance. Lee et al. 8 found strong correlations between cognitive tasks and balance on more challenging situations, indicating that the integrity of executive functions is important for planning adjustments to maintain the posture. Future studies should investigate whether the training of static balance associated with cognitive demands could be effective decreasing postural sway on dual-task, similar to that observed on gait training.
In clinical evaluation of neurological patients, it is common to ask patients to close their eyes in order to sensitize postural control and highlight balance disorders. Our results indicate that in dual-task (cognitive-motor) conditions the change in postural control can be even greater than with visual deprivation. This interaction can be greater in individuals with more evident balance disorders, with falls history.
Postural change in such cases show the physicians and therapists greater need for attention and balance training activities with varying degrees of difficulty, including the maintenance of static posture on dual-task conditions. As we found weak/ moderate correlations between posturography and clinical balance scales, data generalization should be done carefully. It is suggested that further studies are conducted, including posturography in dynamic conditions, to clarify this relationship. 
